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1. DNDC Adaptation

o Model modifications
o Validations
O Sensitivity tests

4




o Modifications to DNDC

«» Modifying cropping system:
One harvest to two or three harvests per year;
Re-calibration of crop parameters, e.g. C/N, biomass.
< Improving nitrate leached module:

Directly determining fraction of nitrate leaching rate
by Improving desorption coefficient, water balance

etc.
« Adding manure module to the original model
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o Validations to DNDC

A seguence of validation tests conducted for
different cropping systems across China:
o crop growth/yield,
o soil climate,
o soil C dynamics, and
o N fluxes.
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Validations to DNDC: Different
cropping systems
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Validations to DNDC: Crop growth
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Validations to DNDC: Soil climate o

Soil Temp.
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SOC contents(g/kg)

SOC contents(g/kg)

SOC contents(g/kg)

30

25

20

15

10

——simulated
o mensured

L L L

1990

1992 1994

1996

1998 2000

4.5

4.0 |

35}

3.0}

25

20}

1.5

—— CK simulated
—fertilizer simulated
——manure simulated

o CK mensured
A fertilizer mensured
© manure measured

1.0
1986

1988 1990 1992 1994

1986 1988 2000 2002

—CK simulated
— fertilizer simulated

A CK mensured
o fertilizer mensured

1992 1994

1996 1998 2000

SOC contents(g/kg) SOC contents(a/kg)

SOC contents(g/kg)

7
&t b 5
5 L (5]
4t
3 -
2 L
— simulated
1r B mensured
0 . L .
1982 1987 1992 1997 2002
180
185 | —fertilizer simulated o fertilizer mensured a
——manure simulated A manure measured &
180
175
170
165 @
160 ‘ . . ' 1
1890 1992 1994 1996 1998 2000 2002
s CK simulated O CK mensured

= fertilizer+manure simulated A fertilizer+manure mensured

1 1 L L L

1991

1993 1995 1997 1999 2001 2003

year

Figures a-f
represent SOC
dynamics in 6
agricultural
regions in
China (Wang
et al., 2008)




Validations to DNDC: Soil CO, fluxes
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_

o Sensitivity tests: GHGs emission @

20000 -
- Change in annual Change in soil texture Initial SOC content_ Chd!}gb E-En
= soi
= e Ie(mEl;rature Change in rainfall (%) g
T;'S’- 15000
5
£ 10000 —
=
3
o
O 5000
5 I i
@ o
-5000 ' ' ;
-4 -2 0% 2 4 .-20%0*% 20%Im* Ims cim sl ¢l 02505 1* 15 2 68 7.8* 838
~ 3000 : i
j;" 7 Change in tillage Total ferhhze]r fnput No. of fm‘hllzera catmnsgu?wgamen )em ﬂe‘c‘gf;,’ér‘;f;ﬁs’d”e
se Q0. 000
E = D | s O s | I |
o
g -1000
;.; 3000
-3
S
u S
éﬁ' -5000
=
5 -7000
-9000

notill 5cm 20ecm* 270% 210 150 90 1 2 3% 4 5 0% 2000 4000 0 0.15* 05 1




Sensitivity tests: nitrate leaching loss»
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Publications on DNDC improvements
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< Qiu Jianjun, Wang Ligang (eds). 2012. Quantified
evaluation and controlling technology on Carbon & Nitrogen
balance of agro-ecosystem in the region of Bohai Bay, China

Science Press, Beljing, 2012.

Gao Maofang. 2011. Model Simulation on Agricultural
Non-point Source Nitrogen Pollution in Xiaoginghe
Watershed [D]. Chinese Academy of Agricultural Sciences
Doctor Dissertation.

L1 Hu. 2009. Quantifying Analysis on Non-point Source
Nitrogen Pollution in Xiaoging River basin of Shandong
Province [D]. Chinese Academy of Agricultural Sciences

Doctor Dissertation.
Yang LiI. 2013. Mechnism and Countermeasure on C
sequestration and N20O mitigation for spring maize field in

Western Liaoning[D]. Chinese Academy of Agricultural
Sciences Doctor Dissertation.
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2. Database Establishment for China (&}

Site mode — Regional mode

o Field sampling (e.g., climate data, soll
property, pH, SOC, etc.)

o Statistic data collection (e.g., crop types,
tillage, fertilizer, irrigation, livestock, etc.)

o Remote sensing (e.g., crop types, land use
change, etc. )
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<« Assessments of agriculture at the national scale require the best
information on spatial distribution of cropland and
management practices.

<« Official cropland statistics for China contain adequate information
of crop types but with less accurate acreage data and coarse
spatial resolution.

+ Remote sensing products can provide moderate to fine spatial
resolution estimates of cropland location and extent, but usually
supply little information on crop type or management.

<« We combined 1990 county-scale agricultural census statistics on
total cropland area and sown area of 17 major crops with a fine-
resolution landcover map derived from 1995-96 optical remote
sensing (Landsat Thematic Mapper) data to generate 0.5°
resolution maps of the distribution of 47 different cropping
systems for the mainland China.
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We estimated that, of 1.3-million km”2 of cropland, approximately 60%

was single-season, 30% double-season, and 10% triple-season cropping
systems. Total sown area was 2.0-million km”2.
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Maps of the distribution
of crop rotations in
China: (a) all single-crop
rotations; (b) all double-
crop rotations; and (c)
all triple-crop rotations.
All maps are 0.5°
resolution, and the gray-
scale refers to the land
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the specified rotation.

Area (km"2)
0

¥ <10
10 - 100
100-300

W 300-500
B =500

& Qiu J., H. Tang, S. Frolking, et al. 2003. Combining remote sensing and ground census data
to develop new maps of the distribution of cropland in China, Geocarto |
18(2):3-13




[
Rice Cropping Systems in China®
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Rice systems calibrated with
remote sensing data )
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3. DNDC Applications in China

o Modeling SOC dynamics, GHGs emissions,
and N leaching at site scale;

o Modeling impacts of SOC on Crop Yields
and GHGs In China;

o Modeling impacts of management practices
on GHGs emissions;

o Regional inventory of SOC, GHGs, N-
balance, N-leaching, etc.
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DNDC Applications in China

0 Modeling SOC dynamics, GHGs emissions,

N leaching, etc. at site scale




Modeling SOC dynamics ’ O

Reports a modelling study on long-term (20 years) impacts of present and
alternative farming management practices on (SOC) dynamics.

the national
farmlands are
divided into six
agricultural regions,
based mainly on
their agro-climate
and cropping
management
conditions. A total of
SIX representative
farm fields were
selected in regions
respectively
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Long-Term SOC Dynamics

Modeled 20-year SOC dynamics at six cropland sites under baseline management
conditions in China
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Modeled 20-year SOC dynamics at the six sites Qigihar (Northeast Region),

Miyun (North Region), Pingliang (Northwest Region), Zhijinag (South Region),
Jiangning (East Region) and Yanting (South west Region) under their baselin
management conditions




Long-Term SOC Dynamics

o Under the present management conditions, the SOC status in the three
northern sites where upland crops dominated appeared more dynamic than
that in the three southern sites where paddy rice dominated.

o During the simulated 20 years, the northern sites were either losing or
gaining SOC at relatively high rates from —1000 to 200 kg C/ha/yr; and the
southern sites had relatively stable SOC contents with deviations ranging
from —70 to 26 kg C/ha/yr.

o Increase in the fraction of above-ground crop residue incorporated in soil or
application of manure effectively converted most of the tested sites into
sinks of atmospheric carbon

< Ligang Wang, Jianjun Qiu*, Huajun Tang, Hu Li, Changsheng L., Eric Van Ranst.
Modeling soil organic carbon dynamics in the major agricultural regions of China.
Geoderma, 147(2008): 47-55. (corresponding autho




Modeling N,O emissions: Spring maize
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o Results from the simulations indicated that management practices
such as no-tillage, changing the time and rate of fertilizer
application, increasing the rate of residue returned can effectively
reduce N20 emissions from the spring maize fields

Li Hu, Qiu Jianjun, Wang LiGang. Estimates of N2O emissions and mitigation potential
from a spring maize field based on DNDC model. Journal of integrative Agricultur
11(12): 2067-2078




Modeling analysis of contribution of
root respiration to soil total respiration

According to the DNDC simulated results:

1. The contribution of maize root respiration to soil respiration
at the whole growth stage varied from 91% to 93%,

2. while the contributions of cotton and wheat root respiration
were 70% and 80%, respectively.

3. Soil N-application influenced not only soil microbial
respiration but also root respiration.

Li Hu, Qiu Jianjun, Wang Ligang. Characterization of Cropland Soil Respiration and
Modeling Analysis on Contribution of Root Respiration [J]. Transactions of the CSA
2008,24(4): 14-20.




Application studies with DNDC

o Modeling Impacts of SOC on Crop
Yields and GHGs in China
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Modeling SOC on Crop Yields

o If initial SOC content in cropland increased by 1 g C/kg, the
crop vyield could increase by:
« 176 kg/ha for maize in the Northeast region,
« 454 kg/ha for a maize and wheat rotation in the North region,
» 328 kg/ha for maize in the Northwest region,
» 185 kg/ha for single-rice in the Mid-south region,
» 266 kg/ha for double- rice in East region, and
« 229 kg/ha for rice and wheat rotation in Southwest region.

o There is a great potential for enhancing crop yield by
Improving SOC content in each region of China.

Qiu Jianjun, Wang Ligang, Li Hu, Tang Huajun, Li Changsheng, Eric Van Ranst.
Modeling Impacts of Soil Organic Carbon Content on Crop Yields in Croplands
of China. Chinese Agricultural Sciences, 2009, 8(4):1




Modeling impacts of alternative farming ®):
practices on SOC and GHGs '

China where the agricultural SOC has been
depleted to a low level needs to adopt proper
measures to elevate SOC storage, and meanwhile
reduce GHG emissions.

— C sequestration and GHG mitigation

It Is crucial to assess impacts of C-sequestration
strategies on not only CO: but also N:O and CHa
emissions from the agricultural fields subject to
the new farming management practices.
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Modeling Tests with Alternative Scenarios &)

1. BASE: Conventional management practices.

2. ALTER-1: Adopting the baseline scenario but with
elevated rate of above-ground crop residue incorporation
from 15% to 50% and amendment of 1000 kg C hat yr?
of farmyard manure for each of the six sites.

3. ALTER-2: Adopting ALTER-1 but with an adjusted
synthetic fertilizer application rate reduced by 50 kg N yr?!

4. For each of 6 sites, DNDC was run first with the BASE

scenario for 20 years; and in year 21 DNDC was
continuously run with the BASE, ALTER-1 and ALTER-2

scenarios in parallel for 50 years.
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The modeled data further indicated that reducing fertilizer application
rates could not only decrease GHGs emissions but also benefit more
environmental issues such as nitrate leaching while maintaining the

optimum yields.

Table 4. Modeled 50-Year Average Annual Crop Yields and Nitrate Leaching for the Tested Six Croplands in China

Crop Yield (kg Cha ' a™ ") Leached Nitrate (kg N ha™' a™")
[.'FDEELIIE, System Scenario® BASE ALTEE-] ALTER-? BASE ALTEE-1 ALTEER-?
() 2112 2102 3.7 10.2
() 2347 2347 1583 205.0
PL 1643 2614 1.3 33
N 36T9 3679 113.1 1831
£l 1 by 2 50 1005 41.2
Yl 3416 3416 ' 1308 2028

*As in Table 3.
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o  When the alternative management practices were employed C

sequestration rates increased, however, N,O or CH,
emissions were also increased for these practices;

Reducing the application rates of synthetic fertilizer in
conjunction with the alternative practices could decrease N,O
emissions while maintaining crop yields and C sequestration
rates.

The modeled results can serve for C sequestration and GHGs
mitigation in agroecosystems of China.

Qiu, J., C. Li, L. Wang, H. Tang, H. Li, and E. Van Ranst. 2009. Modeling impacts of
carbon sequestration on net greenhouse gas emissions from agricultural soils in China.
Global Biogeochem. Cycles, 23, GB1007, doi:10.1029/2008GB0




DNDC Applications in China

o Modeling impacts of management

practices on GHGSs emissions




Mitigating GHG Emissions from Maize and Wheat Systems
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The validated DNDC was then used for predicting impacts of three management alternatives (i.e., no-till, increased
crop residue incorporation and reduced fertilizer application rate) on CO2 and N20 emissions from the target field.

Finally, five 50-year scenarios were simulated with DNDC to predict their long-term impacts on crop yield, soil C

dynamics, nitrate leaching losses, and N2O emissions.




Mitigating GHG Emissions from Maize and Wheat Systems
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The modelled results suggested that implementation of manure amendment or
crop residue incorporation instead of increased fertilizer application rates would
more efficiently mitigate GHG emissions from the tested agro-ecosystem.

< Hu Li, Jianjun Qiu, Ligang Wang, et al. 2010. Modelling impacts of
alternative farming management practices on greenhouse gas emissions
from a Winter Wheat-Maize rotation system in China. Agriculture,

Ecosystem and Environment, 135(2010): 24-33.




DNDC Applications in China

o Regional inventory of SOC, GHGs, N-

balance, N-leaching etc.

4




DNDC estimated soil C fluxes
100 and net C balance in cropland of
mainland China in 1998. Total

T 90 area of cropland in China was

g . | | | . | about 0.968x108ha in 1998, on

(:D Crop Manure  CP2flx et Lo Doc;;mgetc which 2172.6x104 tons of

‘Z’ -50 e N plenee fertilizer with pure nitrogen were

= applied annually.

S 100 the total SOC storage in croplands

— in China is about 3968 Tg C; and

@ 150 SOC is lost at a rate of 78.89 Tg
200 Clyear. The highest losses of SOC

occur in the northeastern
provinces.

Huajun Tang, Jianjun Qiu, Eric Van Ranst, Changsheng Li. 2006.
Estimations of soil organic carbon storage in cropland of China bas
DNDC model. Geoderma, 134: 200-206.




Regional inventory: SOC storage

Annual change in SOC
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The simulated results showed that
the total SOC storage in the top
layer (0-30 cm) of the 1.18 X 108
ha croplands of China is 4.7-5.2
Pg C in 2003 with an average
value of 4.95 Pg C.

SOC density ranges from 3.9 to
4.4 kg C /m2, with an average of
4.2 kg C /Im2, a level is much
lower than the world average
level.

Tang Huajun, Qiu Jianjun, Wang Ligang, Li Hu, Li Changsheng, Eric Van
Ranst. Modelling soil organic carbon storage and its dynamics in

croplands of China. Chinese Agricultural Sciences, Zi_




Regional inventory: GHGs
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In China, midseason drainage,
which results in substantial
reductions in total growing
season CHa4 fluxes, began to be
implemented in wetland rice
agriculture in the early 1980s,
and has gradually replaced
continuous flooding in much of
the paddy rice area.

We constructed a regional
prediction for China’s rice paddy
methane emissions using the
DNDC biogeochemical model.

4
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Rice CH4 Emissions Decreased along with Increase
In Midseason Driange in China from 1908s to 2000s

China Paddy Field Methane Flux (Tg CH )
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~
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Results of continuous flooding and
midseason drainage water management
simulations for all paddy rice fields in
China were combined with regional
scenarios for the timing of the transition
from continuous flooding to
predominantly mid-season drainage to
generate estimates of total methane flux
for 1980, 1985, 1990, 1995, and 2000.

The results indicate that CH4 emissions
from China’s paddy fields were reduced
from 1980-2000 by about 5 Tg CHa/yr.

Li, C., J. Qiu, S. Frolking, et al. 2002. Reduced methane emissions from large
scale changes in water management of China's rice paddies during 1980-2000,
Geophysical Research Letters, 29(20), 1972, doi:10.1029/2002GL015370.
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shortage is threatening
aqgriculture, but it riay
have a happy side-effect,
It is reducing the amount
of the greenhouse gas
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SHIFTS IN RICE FARMING PRACTICES IN CHINA REDUCE
GREENHOUSE GAS METHANE

Changes to farming practices in
fice paddies in China may have
led to a decrease in methane
emissions, and an ohserved
decline in the rate that methane
has entered the Earth® =
atrmosphere over the last 20
years, a NASA-funded study
finds.

Changsheng Li, a professor of natural resources in the University

of Mew Hampshire's Institute for the Study of Earth, Oceans, and

Space, and lead author of the study, notes that in the early 1980s
Chinese farmers began draining their paddies midway through the
rice growing season when they learned that replacing a strategy Caption for Images 1 and 2: Rice
of continuous flooding would in fact increase their yields and save Paddies in China

water. As an unintended conseguence of this shift, less methane
was emitted out of rice paddies.

hethane is 21 times maore
potent as a greenhouse gas
than carbon dioxide (CO2) ower
100 years. At the same time,
since 1750, methane

2] # Internet

Caption for Image 3:
Rice Paddies in China
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Regional inventory: N balance ©
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Qiu Jianjun, Li Hu, Wang Ligang. Simulation of nitrogen level
cropland in China [J]. Transactions of the CS




Regional inventory: N leaching @
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Agroecosystems, 2011, 90(2):243-252

m| Qiu Jianjun, Li Hu, Wang Ligang, et al. GIS-Model Based Estimation of
Nitrogen Leaching from Croplands of China. Nutrient Cycling in




Modeled N Balance at National Scale

< N loss through leaching has been recognized as one of the
most common agricultural sources of groundwater
contamination.

< The spatial distribution of N leaching in China showed a sharp
discrepancy between the northern and southern counties due to
the differences in climatic conditions, soil properties, as well
as farm management practices.

o Qiu Jianjun, Li Hu, Wang Ligang, et al. GIS-Model Based Estimation of
Nitrogen Leaching from Croplands of China. Nutrient Cycling in
Agroecosystems, 2011, 90(2):243-252
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Regional inventory: 9

o To establish the methodology with DNDC on quantlfle
evaluating and monitoring agri. non-point pollution
(C/N cycling) at watershed scale
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C balance of agro-ecosystem in
Xiaoainahe watershed
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Related papers to this project

o Gao Maofang, Qiu Jianjun, Li Changsheng, et al. Modelling
nitrogen pollution from livestock breeding using Manure-
DNDC model[J]. Transactions of the Chinese Society of
Agricultural Engineering 2012, 28(9): 183—189.

o Maofang Gao, Jianjun Qiu, Changsheng L1, Ligang Wang,
Hu LI, Chunyu Gao. Modeling nitrogen Ioadlng from a
watershed consisting of cropland and livestock farms in
China using Manure-DNDC. 2012, (under review)
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A book published by
Science Press:

Quantified evaluation
and controlling
technologyon C & N
balance of agro-
ecosystem in the
region of Bohai Bay.
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